ABSTRACT -The objective of the present study was to evaluate the effects of dietary lipid content (20, 40 and 60 g/kg dry matter) on intake, total and ruminal apparent digestibility of dry matter (DM), nutrient digestibility, rumen fermentation parameters, microbial synthesis efficiency and rumen microbial content of beef cattle. Nine cannulated steers at 6 months of age with initial body weight of 232±35 kg were used in a triplicate 3 × 3 Latin square design. The results indicated that the total intake and digestibility of DM, organic matter (OM), gross energy (GE), neutral detergent fiber (NDF) and acid detergent fiber (ADF) were not affected by the lipid content of the diet. However, the lowest lipid content diet reduced the total digestibility of crude protein (CP) and total carbohydrate linearly compared with the highest lipid diet. In contrast, when steers were fed a diet containing 20 g lipids/kg of DM, the concentration of ammonia in the rumen decreased quadratically relative to the other diets. Ruminal pH was not affected by the interaction of treatment and sampling time; however, the rumen pH decreased quadratically in animals that received the highest dietary lipid content (60 g/kg) compared with animals that received 20 and 40 g lipids/kg of DM. The rumen concentrations of volatile fatty acids, propionate, and butyrate and the acetate/propionate ratio were affected by the dietary lipid content. However, the microbial population, microbial N flow, and efficiency of synthesis were not affected by dietary lipid content. Overall, an increase in the lipid content of the diet of Nellore steers resulted in similar digestive profiles and fermentation conditions.
Introduction
Foods with high lipid contents can be added to the diets of highly productive animals to satisfy their high energy requirements. Moreover, an appropriate balance between structural and non-structural carbohydrates in the diet and the optimal use of digestible energy can be attained by increasing the dietary lipid content (Hess et al., 2008; Weiss & Pinos-Rodriguez, 2009 ).
Several studies have investigated the effects of feeding different lipid sources at various levels, and the results show that, in high doses, unsaturated lipid supplements can have toxic effects on gram-positive bacteria in the rumen, especially the cellulolytic population (Nagaraja et al., 1997) . High unsaturated lipid supplementation can also reduce the degradability of fiber by microbes (Harvatine & Allen, 2006 ) and ammonia production (Eifert et al., 2006) . Thus, when supplying unsaturated lipids to ruminants, the effects on the ingestion and digestion of nutrients must be evaluated to achieve the desired production level (Jenkins & McGuire, 2006; Relling & Reynolds, 2007) .
It is well recognized that vegetation containing unsaturated fatty acids has the potential to inhibit ruminal fermentation. However, this inhibition may also be attributed to the level of dietary fat, and the optimal levels of unsaturated fatty acids in the diet are unknown. Some authors, such as Zinn et al. (2000) , Weiss & Pinos-Rodriguez (2009) and Hess et al. (2008) , report that levels higher than 50 and 60 g lipids/kg of DM in DM fat supplements affect the DM intake, while others, such as NRC (2001) Ueda et al. (2003) , and Harvatine & Allen (2006) , report that up to 30 g lipids/kg of DM diet can be used with minimal negative effects on microbial growth and rumen function. These results indicated that the effects of unsaturated fatty acids on ruminal fermentation could be variable because of the lipid levels and basal diet composition. In this study, the authors hypothesized that the increase in dietary lipid levels (> 30 g/kg of DM) would decrease feed intake, rumen fermentation and ruminal digestibility compared with the lower lipid levels (20 g/kg of DM).
Thus, the objective of this study was to evaluate the effect of the dietary soybean unsaturated lipid content on the intake, total and partial digestibility of DM and nutrients, fermentation parameters (pH, ammonia nitrogen, and volatile fatty acids), efficiency of microbial synthesis and rumen microbial content in beef cattle.
Material and Methods
The experiment was conducted at Setor de Avaliação de Alimentos e Digestibilidade of Departamento de Zootecnia da Faculdade de Ciências Agrárias e Veterinárias -UNESP, Campus Jaboticabal, São Paulo, Brazil. Nine castrated Nellore steers cannulated in the rumen and in the duodenum were subjected to a triplicate 3 × 3 Latin square design. The steers were 16 months old and presented an initial average body weight of 232±35 kg. The experimental period duration was 22 days, including 15 days of adaptation and 7 days of sample collection.
Experimental diets were formulated to meet or exceed animal nutritional requirements according to the Cornell Net Carbohydrate and Protein System (CNCPS), version 5.0 (Fox et al., 2003) .
The following treatments were evaluated: no-soybean diet, with 20 g/kg of ether extract in the DM; diet containing 120 g/kg diet of raw ground soybean, with 40 g/kg of ether extract in the DM; and diet containing 230 g/kg diet of raw ground soybean, with 60 g/kg of ether extract in the DM (Table 1 ). All diets were fed once a day at 07h30, and water was supplied ad libitum. The amount of feed offered was adjusted daily to obtain approximately 10% orts (as-fed basis).
The forage and concentrate supplied to the steers and the orts from each feeding were weighed daily to estimate individual intake. Samples of the supplied feed were collected and frozen for subsequent chemicalbromatological analysis.
To determine the apparent digestibility in the total digestive tract, total feces were collected from each animal separately at 07h00, weighed, homogenized and sampled (500 g). The sampling and weighing of feces began 24 hours after feeding. The fecal samples were collected, stored in plastic bags and frozen until the end of the collection period. To determine the partial digestibility, 300 mL samples of digested matter in the duodenum were collected over two days (on the 2nd and 3rd days) at 6-hour intervals. The collection was delayed by 3 hours on the second day to ensure that a 24-hour period was accurately represented (Oliveira et al., 2007a) .
To determine the daily flow of DM in the duodenum, the indigestible NDF (iNDF) content was used as a digesta marker (Harvatine & Allen, 2006) . The iNDF was obtained in situ after 144 hours of incubation (Berchielli et al., 2000) .
To evaluate the fermentation parameters, samples of rumen fluid were manually collected before the diet was supplied (time zero) and at 2, 4, 8, and 12 hours post-feeding. Shortly after collection, the pH of the rumen fluid was determined with a digital pH meter (ORION 710A, Boston, MA), and a 2 mL aliquot of the fluid was placed in a plastic flask and frozen at -20°C for subsequent analysis of the volatile fatty acids (VFA). The VFA were evaluated according to the method adapted by Erwin et al. (1961) using gas chromatography. A 40 mL aliquot of rumen fluid was used to analyze the ammoniacal nitrogen content (NH 3 -N) according to the methodology adapted by Fenner (1965) .
To determine the microbial composition in the rumen, 2 L of rumen content were collected from each animal on the 19th day of each experimental period to isolate bacteria (Cecava et al., 1990) . Purine bases were used as microbial markers, and the bacteria and duodenal matter were measured according to the procedure described by Zinn & Owens (1986) , with modifications as proposed by Ushida et al. (1985) . The quantity of microbial compounds in the duodenum was determined by dividing the N-RNA flow in the duodenum by the total N-RNA (the total-N ratio of the bacteria isolated from the rumen). Thus, the flow of DM and microbial protein in the duodenum was successfully quantified. AOAC (1995) . The concentrations of NDF and ADF were determined using the method proposed by Van Soest et al. (1991) , with samples digested for 40 min at 110 ºC and 50.7 kPa in an autoclave (Senger et al., 2008) . The NDF analysis was performed in the presence of α-amylase, and sodium sulfite was not used. In addition, the concentration of N in the residual material from the NDF and ADF analyses was determined to calculate the nitrogen fraction of the fiber. The acid detergent lignin (ADL) was determined according to Goering & Van Soest (1970) .
The gross energy (GE) content was obtained by combusting samples in an adiabatic bomb calorimeter (PARR Instrument Company 6300, Illinois, USA), and the digestible energy content (DE) was obtained from the digestibility coefficient of GE.
To analyze the rumen microbes, samples of the rumen content were collected one hour after the feed was supplied (Fluharty et al., 1996) . The rumen content was transferred to thermoses and immediately taken to the Animal Nutrition Laboratory of FCAV/UNESP Jaboticabal. In the laboratory, the samples were diluted with an anaerobic solution (ADS, Bryant & Burkey, 1953) , homogenized under an atmosphere of CO 2 , and sequentially diluted (10 -2 to 10 -12 ). The analysis was conducted in triplicate, and aliquots of each sample were incubated in test tubes containing half of the selected culture prepared under anaerobic conditions. Successive dilutions (10 -2 to 10 -4 ), of the rumen content were performed to estimate the most probable number (MPN) of fungi (Gordon & Phillips, 1998) , and antibiotics were used (700 UI of streptomycin sulfate and 1600 UI of penicillin sodium) to inhibit bacterial growth in the medium. To quantify the bacterial population, successive dilutions were performed (to 10 -12 ), and the microbes were inoculated at 39 °C in a complex medium containing soluble sugars and cellulose as a source of carbon and energy (Dehority et al., 1989) . To estimate the MPN (Alexander, 1982) of bacteria, sequential dilutions of 10 -10 to 10 -12 were performed. After inoculation, the tubes used to estimate the bacterial and fungal contents were incubated at 39 °C for up to 7 days. Visual confirmation of growth was performed by determining the turbidity of the tubes (in triplicate), measuring the pH, and recording the growth count and average value per treatment.
The protozoa were quantified by performing direct counts with a Sedgewick Rafter chamber (Dehority et al., 1989) . The counts were obtained from aliquots of the rumen content, which were preserved in formol, a solution of water and an equal volume of 37% formaldehyde. In the direct count, the samples were diluted with 20% glycerol and stained with Lugol (D'agosto & Carneiro, 1999) .
The intake, coefficient of digestibility, microbial population (bacteria, fungi, and protozoa) and microbial protein synthesis data were analyzed as triplicate 3 × 3 Latin square data using the MIXED procedure of SAS (Statistical Analysis System, version 9.0). The model included a fixed effect for diet and random effects for steer and period.
The general mathematical model was represented by:
where Y ij is the dependent variable, µ is the overall mean; T i is the i-th effect of the treatment or diet; P j is the j-th effect of the period; TP ij is the effect of the interaction between treatment i and period j; and e ij is the residual experimental error (Tempelman, 2004) . In the statistical model, normally and independently distributed errors were assumed (0, s2). Ruminal pH, VFA and ammonia N data were analyzed as triplicate 3 × 3 Latin squares data with repeated measures over time. The model included fixed effects for diet, time and the interaction between these 2 variables and random effects for steer and period. Linear and quadratic orthogonal contrasts were tested using the contrast statement of SAS with coefficients estimated based on the lipid levels. The effects of the factors were declared significant at P<0.05, and trends were discussed at P<0.10.
Results and Discussion
The ingestion of DM and nutrients except for EE was not affected (P>0.05) by the lipid content (Table 2) . These results are contradictory to the observations of Hess et al. (2008) and Weiss & Pinos-Rodriguez (2009) , who demonstrated that lipid supplementation greater than 5% decreased the dry matter intake (DMI), canceling the effect of the energy concentration and resulting in no net increase in energy intake. Differences in the relationship between the diet and the NDF and ADF ingestion were not observed, which suggested that the tested lipid contents did not impair the performance of the microorganisms involved in degradation of fibrous components.
According to Jenkins & McGuire (2006) , the main effects of the addition of lipids on intake reduction are related to modifications in rumen fermentation. Specifically, a reduction in the digestibility of fiber in the rumen leads to an increase in the retention time of the NDF, which results in greater rumen fill. However, the forage to concentrate ratio (F:C), the type of functional groups, the degree of saturation of the lipids, the formation of carboxylate salts and physical associations with the surface of feed particles and microorganisms affect the antimicrobial properties of the lipids (Ueda et al., 2003; Weiss & Pinos-Rodriguez, 2009 ). The forage to concentrate ratios (F:C) used in the present study (basal diet with 500 g/kg DM of corn silage) may be responsible for the absence of an effect on the intake of nutrients and dry matter.
Another factor that affects the relationship between the diet and fibrous fraction (NDF and ADF) intake is forage quality. The corn silage used in the present study contained low amounts of unavailable components (41.6 lignin g/kg of the DM and 103.6 carbohydrate fraction C g/kg of the DM). Thus, the forage did not limit the DM intake or the action of ruminal microorganisms.
According to Zinn & Plascencia (2002) , when fat intake exceeds 0.96 g/kg of body weight, the energy value of the lipids diminishes due to a decrease in the DMI. In the current study, the intake of lipids per body weight (g/kg) was 0.47, 1.16, and 1.59 g. However, no response correlated to the energy value of the lipids was observed in the present study, which suggests that chemostatic mechanisms were not responsible for intake limitations.
Overall, the digestibility coefficients were not significantly different among treatments (Table 3) . However, the digestibility coefficients of the ether extract of the diets evaluated increased linearly (P<0.05) as the concentration of lipids in the diet increased (804.60 to 926.30 g/kg of the DM). Nevertheless, the total tract digestibility of crude protein and total carbohydrates tended to decrease with an increase in the lipid content of the diet (P = 0.063; P = 0.082, respectively).
The total digestibility of ether extract increased with an increase in the lipid content of the diet because the lipid content increased the degree of non-saturation, which enhances the digestibility of fatty acids (Jenkins et al., 2008; Duckett & Gillis, 2010) .
Fatty acids (FA) in feeds are not oxidized or significantly degraded by ruminal microorganisms. However, the results of various studies have demonstrated that fatty acids disappear from the rumen when the lipid content of the diet is increased. According to Harvatine & Allen (2006) , variations in reported rumen FA losses may occur due to bacterial FA synthesis, especially in low-FA diets. Bacteria incorporate dietary FA into their plasma membranes, and bacterial FA cannot be attributed entirely to microbial production, so the true FA digestibility values occasionally reported in the literature have little meaning. Simple digestion studies cannot partition duodenal FA flow into dietary and microbially synthesized fractions, limiting the ability to determine the extent of rumen FA synthesis and digestion. Demeyer & Doreau (1999) pooled data from five studies and estimated that the bacteria may contribute with up to 170 g/kg of the lipids flowing from the rumen in animals fed a corn silage diet.
Several authors have reported that the supply of high quantities of lipids may interfere in total fiber digestibility. However, the results obtained in the present study are contradictory to those obtained by Oliveira et al. (2007b) , who evaluated the effects of different sources of lipids (soybean oil and soybean) on intake, digestibility, and urea nitrogen in the plasma of feedlot-finished buffalo calves. The authors observed that the inclusion of soybean oil as an energy source caused a reduction in the intake and the digestibility of the fibrous fractions. Similarly, Zinn et al. (2000) found that the digestibility of the NDF fraction of a diet with a high fat content (60.0 g yellow fat/kg of DM in a diet containing 880.0 g/kg of DM concentrate and 76.3 g/kg of DM ether extract) was lower than the control diet (20.0 g/kg of the DM yellow fat and 37.4 g/kg of the DM ether extract) in feedlot-finished steers.
In contrast, Hussein et al. (1995) did not observe any effects on the total digestibility of fiber in steers fed diets without canola, diets with 100 g/kg of DM whole canola treated with alkaline hydrogen peroxide (partially protected fat), 100 g/kg of DM ground canola (non-protected fat) and two different levels of forage content (700 and 300 g/kg). High dietary levels of polyunsaturated fatty acid (PUFA) may inhibit bacterial growth in the rumen. However, the level of dietary PUFA in the current study may not have been detrimental to microbes and diet digestibility because the basal diet contains 500 g/kg of corn silage. Jenkins (1993) and Ueda et al. (2003) observed that diets with high forage-to-concentrate ratios may reduce the effects of PUFA on ruminal fermentation because the high fiber concentration promotes ideal conditions for the rapid growth of the microorganisms responsible for the hydrolysis and biohydrogenation of PUFA.
The average ruminal pH values (Table 4) were not affected by the interaction (P = 0.269) between treatment and sampling time. However, in animals that received the highest dietary lipid content (60 g/kg), rumen pH decreased quadratically (P<0.001) with an increase in the lipid content. The diet with the highest lipid content presented the lowest pH (6.4). However, in all of the diets, the ruminal pH remained above 6.3; thus, the pH did not have a significant effect on ruminal fermentation. Russell & Wilson (1996) and Mertens (1997) reported that pH levels greater than 6.2 do not affect ruminal fermentation.
According to DeVeth & Kolver (2001) , the NDF digestibility was reduced when the ruminal pH remained below 6.0 for 4 hours. Moreover, microbial synthesis was significantly reduced when the pH remained below 6.0 for 12 hours. These results indicate that the pH values obtained in the present study did not compromise ruminal fermentation. Furthermore, no significant differences in the synthesis of microbial protein among diets were observed (Table 4) ; thus, the pH did not affect microbial activity. The concentration of NH 3 -N showed quadratic behavior (P = 0.001) (Table 4) ; however, the trends in ruminal NH 3 -N, as measured from 0, 2, 4, 8 and 12 hours post-feeding, were similar among treatments (P = 0.06). Lower concentrations of ruminal NH 3 -N were observed in animals fed the diet containing 20 g/kg lipids than in animals fed the 40 and 60 g/kg lipid diets. Although the diets were not isonitrogenous, the protein intake for all diets was similar ( Table 2 ).
At two hours after feeding, the concentration of NH 3 -N in the rumen was greater (P<0.05) than the NH 3 -N concentrations at 8 and 12 hours of post-feeding, which suggested that the protein sources in the rumen were degraded over time. Van Soest (1994) suggested that a ruminal NH 3 -N concentration below 13 mg/dL may affect the availability of nitrogen for microorganisms, which can compromise fiber ingestion and digestibility. Thus, the ruminal NH 3 -N concentration obtained from steers fed the 20 g/kg lipid diet was below the suggested range. However, based on the other coefficients obtained from the 20 g/kg lipid diet, no relationship between the concentration of NH 3 -N and the ruminal availability of fiber could be established.
The diet containing 60 g/kg lipids in the DM presented the lowest pH values and the highest ammoniacal nitrogen content. Similar results were reported by Onetti et al. (2001) , who studied the effect of the type and concentration of dietary fat on ruminal fermentation in dairy cattle. The cows were supplied with diets based on corn silage, and the results indicated that the addition of 40 g/kg fat resulted in a higher (P<0.001) concentration of ammonia than the addition of 20 g/kg fat. The authors attributed the observed increase in the ammonia concentration to a reduction in the use of ammoniacal nitrogen by cellulolytic bacteria (Table 4) .
The rumen VFA concentration depends on the feed intake, feeding frequency and composition of the diet. The total VFA concentration and molar proportions of propionate and butyrate decreased linearly (P<0.001) when a diet containing 60 g/kg lipids was supplied, compared with diets containing 20 and 40 g/kg lipids (Table 4) . Ruminal VFA was not affected by interaction (P = 0.92) between treatments and sampling time. However, the rumen molar concentration of acetate was not affected by the lipid content of the diet. Therefore, the acetate to propionate ratio declined linearly when 60 g/kg lipids were added to the diet, indicating that the lipid level affected ruminal fiber fermentation (Bateman & Jenkins, 1998) . Although changes were verified in ruminal VFA, no alterations were observed in total tract NDF digestibility. The large amounts of unsaturated oils fed to the animals were expected to interfere in ruminal fiber digestibility. The high fiber content of our diets might have promoted hydrolysis, which creates ideal conditions for rapid growth of the microbes that are responsible for the hydrolysis and hydrogenation of dietary fat, according to Jenkins (1993) .
Similar to the present study, previous studies have suggested that the use of saturated and unsaturated lipids has a minor or insignificant effect on ruminal parameters, e.g., Harvatine & Allen (2006) . Bateman & Jenkins (1998) observed that the VFA concentrations were 120.6, 125.9 and 123.4 mM when 20, 40, and 60 g soybean oil/kg were substituted for DM. These results are similar to those obtained in the current study, in which significant differences among lipid contents were observed.
The supply of vegetable oils frequently increases the efficiency of microbial synthesis. However, the effect of vegetable oils on microbial synthesis is not mediated by an increase in the fermentable energy content of the rumen. Vegetable oils reduce predation due to the defaunation effect of the oil (Dewhurst et al., 2000) . Nevertheless, in the present study, the efficiency of microbial synthesis and duodenal flow of microbial N or dietary N were not significantly different (P>0.05) among treatments (Table 4) , and no defaunation effects (Table 5 ) from the lipid content were observed.
These results indicated that the populations of bacteria, fungi and protozoa were not affected by the dietary lipid content (Table 5 ). In general, fats are not a usable source of energy for anaerobic microorganisms, and they can inhibit microbial growth by altering the metabolic pathways of gram-positive bacteria. However, no significant differences in the responses to diets with different lipid contents were observed in the present study.
Ruminal microorganisms require an ideal environment for development, including a temperature between 38 °C and 40 °C and a pH of 5.5 -7.0 (Hoover, 1986) . Thus, the conditions observed in this study may have favored microbial growth. The estimated total bacterial population varied from 1.99 × 10 12 to 1.74 × 10 12 /mL of ruminal content, and a non-significant decrease (P>0.05) in the bacterial population was observed as the lipid content of the diet increased. According to the literature (Hungate, 1966; Olumeyan et al., 1986) , the bacterial population in the rumen is large and diverse, and may vary between 10 10 and 10 12 /mL of ruminal content.
In all of the treatment groups, protozoa from the genus Entodinium (Table 5) were found in relatively high quantities. Similar results were obtained by Valinote et al. (2005) , who evaluated cottonseed and the calcium salts of fatty acids as sources of fat and determined the effects of monensin in cottonseed-based diets for beef cattle.
The predominance of the genus Entodinium in the rumen is consistent with the observations of other authors, who researched protozoan populations in cattle under different feeding conditions, such as diets rich in sugar cane (Franzolin & Franzolin, 2000) or concentrate, diets with or without addition of fat (Towne et al., 1990) , and the addition of ionophores to diets rich in forage or concentrate (Guan et al., 2006) .
Several authors (Van Nevel & Demeyer, 1988; Bonhomme, 1990; Chaudhary et al., 1995) have reported that ciliates have an effect on the degradation of structural carbohydrates, especially in diets containing high proportions of concentrate. In addition to the adhesion of lipids to feed particles and the toxic effect of fibrolytic bacteria, a reduction in the number of protozoa may reduce the extent of dietary fiber degradation when lipids are added to the diet of ruminants, especially when diets with high proportions of concentrate are supplied. Thus, because of the high proportion of fiber in the diet used in the present study, treatments with high lipid contents did not affect the microbial population.
Conclusions
Lipid supplementation of up to 60 g/kg dry matter in the diet does not alter the intake of dry matter and nutrients or the microbial population of the rumen of steers. However, the addition of lipids reduces the ruminal pH, the acetate: propionate ratio, the concentration of volatile fatty acids and the concentration of ammoniacal nitrogen, but it does not change the diet digestibility. Based on the similarity of the digestive profiles and the conditions of ruminal fermentation, lipid contents of 40 and 60 g/kg may be added to the diet for Nellore steers. 
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